In April 2009, an H1N1 influenza virus with a unique genome constellation emerged as a human pandemic virus and subsequently spread to more than 200 countries. The pandemic spread was only associated with a minor clinical impact on the human population. Until the end of 2010 pandemic (H1N1) 2009 virus appeared to have replaced the previously circulating seasonal strains of H1N1 in most places (World Health Organization, 2010a) . Phylogenetic analyses of pandemic (H1N1) 2009 virus revealed a mixed ancestry of this multi-reassortant virus with a strong participation of porcine influenza viruses, although the exact parentage of this virus and its geographical origins still remain to be elucidated (Smith et al., 2009) . Nevertheless, pandemic (H1N1) 2009 started out as an infection entirely of humans, but incursions into domestic porcine populations have been reported repeatedly (Howden et al., 2009; Pasma & Joseph, 2010; Pereda et al., 2010) . Pigs proved to be highly susceptible to experimental infection with pandemic (H1N1) 2009, and the virus was efficiently transmitted among pigs (Lange et al., 2009; Brookes et al., 2010) . This raised concerns as to whether the virus will become established in pig populations and whether its future evolution with respect to possible reassortment events with other porcine influenza A viruses will possibly lead to altered virulence and/or transmissibility (Vijaykrishna et al., 2010) . This situation prompted us to investigate swine influenza viruses (SIV) detected in Germany in 2009-2010 in greater detail.
Swabs (n5230) and lung tissues (n5411) obtained from pigs with respiratory symptoms in Germany were examined for the presence of influenza A virus genome by a modified generic real-time RT-PCR detecting part of the M gene (Hoffmann et al., 2010) and positive samples were further characterized by conventional RT-PCR assays (Lee et al., 2001; Gall et al., 2008; Fereidouni et al., 2009a) , and finally subjected to sequence analysis of full-length genome segments (Haase et al., 2010) . In addition, RT-PCR assays which amplify the H1 gene in three overlapping parts were developed and used to enhance the recovery of H1 sequences in case full-length amplification was unsuccessful (Starick et al., 2011) . Influenza RNA-positive samples were also processed for virus isolation in Madin-Darby canine kidney cells, and isolates were antigenically characterized by haemagglutination inhibition assays (Kaden et al., 2008) . Twenty viruses of the subtype H1, all detected in pig populations in Germany during 2009-2010, were characterized by sequencing the haemagglutinin (HA) and neuraminidase (NA) encoding genes (n517) or the whole genome (n53). The viruses originated from seven Federal States with a focus in Lower Saxony (n59), the region with the highest density of pig populations in Germany. The other samples came from Saxony (n53), SchleswigHolstein (n53), North-Rhine Westphalia (n52), RhinelandPalatinate (n51), Thuringia (n51) and Brandenburg (n51). Viral sequences were characterized as subtype H1N1 (n513, see Table 1 for accession nos), pandemic (H1N1) 2009 (n53, all detected in nasal swabs, accession no. see Table 1 (Fig. 1) . In contrast, another NA sequence derived from an avian-like H1N1 porcine virus (R705/10) circulating in the same region and time as the reassortant virus was more distantly related. Thus it cannot be discerned whether the pandemic (H1N1) 2009 reassortant virus R708/10 originated in this pig herd or had already been in circulation and was introduced from other sources. This again demonstrates considerable gaps in the knowledge on the molecular epidemiology of porcine influenza viruses. A nearly full genome sequence of the reassorted virus R708/10 comprising all eight segments (with the exception of the NP gene of which only a partial sequence could be determined) was created using RNA prepared from the cell cultureisolated virus and was verified by sequencing cDNA preparations of the corresponding original swab sample of that animal (R707/10) and an additional one from another pig of the same herd (R710/10). HA (720 nt) and NA (500 nt) sequences of both preparations were identical to those of virus R708/10. When analysing the nucleotide composition of the genes HA, M, NP, NS and PB2 which carry signatures for the differentiation of human pandemic (H1N1) 2009 into two different clusters (Fereidouni et al., 2009b) , the R708/10 sequences belonged to cluster 2. Antigenic characterization by haemagglutination inhibition assays using specific antisera revealed a clear grouping of most isolates into either cluster H1N1 Eurasian swine, H1N2 Eurasian swine or pandemic (H1N1) 2009 (Supplementary  Table S1 , available in JGV Online). This is corroborated by the phylogenetic analysis which yielded essentially the same clustering (Fig. 1) . Only isolate R708/10 reacted with antisera against both Eurasian swine H1N1 (A/swine/Belzig/2/01) and the H1N1 pandemic virus (A/Regensburg/D26/2009) (Supplementary Table S1 ) possibly caused by the presence of the Eurasian N1 and the pandemic H1 antigens.
The samples yielding the reassortant virus originated from a two-site farrow-to-finish herd with 170 sows at the end of May 2009. Clinically, the weaning pigs revealed retarded growth and lameness, while the sows appeared to be healthy. Two piglets were subjected to pathological investigations. Non-purulent interstitial pneumonia and multifocal acute heart muscle degeneration were seen in one of them, whereas the other one showed mucopurulent bronchopneumonia. In both piglets follicular hyperplasia was evident in the spleen. The animals were negative for porcine circovirus type-2, but positive for porcine respiratory and reproductive syndrome virus. No clinical symptoms or health problems suggesting an influenza virus infection of the owner, his family and the stockmen who were in contact with the piglets were observed.
Apparently, the pandemic (H1N1) 2009 virus has currently displaced other human seasonal influenza viruses of subtype H1 to become the dominant H1 virus in the human population. However, in the course of the pandemic many countries were reporting co-circulation of seasonal and pandemic human (H1N1) 2009 influenza viruses (World Health Organization, 2010b). Also natural co-infection in humans involving pandemic (H1N1) 2009 and seasonal H1N1 virus was reported (Ducatez et al., 2010) . In addition, infection of swine with the human pandemic (H1N1) 2009 virus has been observed in multiple countries (Moreno et al., 2010a; Song et al., 2010; Welsh et al., 2010) . In a systematic monitoring programme in Hong Kong, 10 pandemic (H1N1) 2009 viruses were isolated from pigs between October 2009 and February 2010 and, in addition, a reassortant virus carrying the NA of pandemic (H1N1) 2009 in a porcine virus backbone was described (Vijaykrishna et al., 2010) .
This prompted us to explore further the genotype of the other two pandemic (H1N1) 2009 viruses derived from pigs in Germany. Instead of sequencing the whole genome, newly developed diagnostic assays were used for genotype characterization (Ducatez et al., 2010 and own primers, sequences available on request). All further six gene segments of both viruses proved to be identical with human pandemic (H1N1) 2009 isolates (not shown).
The detection of a virus consisting of seven pandemic (H1N1) 2009 genome segments plus the NA gene of a Eurasian H1N1 porcine virus demonstrates reassortment compatibility and activity between the pandemic (H1N1) 2009 and other swine H1N1 viruses. In addition, a reassortant virus from pigs in Italy was detected and characterized recently which was derived from pandemic (H1N1) 2009 and carried an NA gene similar to that of H1N2 SIV (Moreno et al., 2010b) . Experimentally, this spectrum has also been extended to the highly pathogenic avian influenza virus of the subtype H5N1 by co-infection of cell cultures and virus rescue in vitro (Octaviani et al., 2010) . Therefore, the continued circulation of pandemic (H1N1) 2009 in humans, its transmissibility to and spread within pig populations, together with new findings on continuing evolution, reassortment and trans-species transmission events (AVMA, 2010), should prompt for more systematic investigations of pig populations and for a thorough analysis of porcine influenza viruses. (Fig. 1a) and NA (Fig. 1b) genes of the reassortant pandemic H1N1 virus R708/10, sequences of other swine influenza viruses obtained in this study and publicly available Eurasian porcine sequence datasets (GenBank). Analysis was based on full-length coding sequences of the HA and NA genes. Therefore, the HA sequence of pandemic (H1N1) 2009 swine virus R3314/09 was not included (only 1222 nt available). Reassortant virus R708/ 10 is marked by a circle ($). The trees were generated using a maximum-likelihood approach (PAUP 4.0 and MEGA 5.0 software) based on a GTR+I+G model as suggested by the Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) (ModelTest, embedded in TOPALi v2.5). The phylogenetic trees were midpoint rooted. Numbers at nodes indicate maximumlikelihood bootstrap values of 500 replicates under the specified model. Only values .85 are shown. Bar, 0.01 nt substitutions per site. S, Swine; H, human.
